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FRONT COVER: Natural Chimneys, a notable fee-type, geologic scenic attraction exemplifying an economic use of carbonate
rocks other than as mined products. The chimneys are pinnacles of upper Cambrian-limestone and dolostone of the
Conococheague Formation, located I mile north of Mount Solon, Augusta -b.,nty, Virginia (Figure 42, l89D).
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ANALYSES OF CARBONATE ROCKS - NORTHWESTERN VIRGINIA
(Elkins-Staunton 0.5' X 1" Quadrangles)

William F. Giannini and Karen K. Hostettler

ABSTRACT

Analyses of 840 carbonate-rock samples collectod from
the northwestern Virginia area covered by the Elkins and
Slaunton 0.5" X l'quadrangles (1:100,000 series maps) are
contained in this report. Analytical results published by other
writersduring theperiod 1884 through 1958 for73 carbonate-
rock samples collected from the same area supplement the
data and are included in the Appendices. The analyses
indicate the existence ofcarbonate rocks potentially suitable
for markets requiring high purity and reactivity,low bond
work index or grindability, high brightness, low chlorine
content, and a material lacking deleterious components. The
limestone and dolostone rocks also qualify as aggegate
materials for construction and in asphalt or concrete. Rela-
tively small deposits of travertine and marl occur in the study
area and were analyzed with the carbonate rocks. Four
companies in this northwestern Virginia area are producing
carbona0e-rock products. Information in this report is pre-
sented to inform private individuals, companies, consuhants,
governmenhl agencies, and educational institutions about
carbonate-rock resources in the Elkins and Staunon quad-
rangles and to indicate areas where potential economic
resources occur.

Figure 1. Maps indicating area sampled in Virginia and
showing the 26, 7.S-minute quadrangles covering the carbon-
ate-rock belts (stippled).

INTRODUCTION

Samples of limestone, magnesian limestone, dolostone,
travertine, and marl were coltected from the area between
latitudes 38'and 39"and longitudes 79'and 80, covered by
the Elkins and Staun[on 0.5'X l'quadrangles, and includes
portions of Augusta, Bath, Rockbridge, and Rockingham
Counties, and all of Highland County. Samples were taken
from exposures in road cuts, railroad cuts, quarries, and
natural outcrops including travertine and marl deposits along
sneams (Figure l). The samples were collected in the Valley
and Ridge province and represent five geologic dme periods,
17 formations, and one deposit type - travertine-marl (Table
1). The uses and classifications ofcarbonate rocks referred
to in this publication are based on composition and are shown
by ternary diagrams modified from Hershey and Maher, 1985
(Figures 2 and3).

Samples were analyzed by laboratories of the Virginia
Division of Mineral Resources, the Virginia Department of
Transportation, and the Reno Research Center, U.S. Bureau
of Mines, Reno, Nevada. A summary of tests prepared by the
Virginia Departrnent of Transportation on samples from the
four active carbonaoe-rock operations in the study area (Vir-
ginia Department of Transportation, 1993; Figure 4) is pre-

ROCKBRIDGE\\



Undifferentiated Devonian-Silurian
carbonate rocks

Table l. Geologic mme and age of a carbonate-rock group,
formations, and deposits sampled.

GROUP.FORMATION.ORDEFOSTT AGE

Travertine-m arl dernsits (}rratmnru

Millboro Shale (limestone rurit)
Undifferentiated lower Devonian carbonate rocks Devonian
Licking Creek Limestone
New Creek Limestcme

VIRGINIA DTVTSION OF MINERAL RESOT]RCES

Devonian-
Silurian

Cambrian

Keyser Limestone Devonian-
Silurian

Undifferentiated upper Silurian carbonate rocks
Tonoloway Limestone
Wills Creek Formation
McKe,nzieFormation
Undifferentiated upper Ordovician carbonate rocks
Martinsburg Formation
Edinburg Formation
Undifferentiated middle Ordovician

carbonaterocks Ordovician
Lincolnshire Limestone
Lincolnshire Limestone (Murat member, mound

buildup)
New Market Limestone
Beekmantown Formation
Rockdale Run Formation ] (Beekmantown

Stonehenee Limestone J Grouo)
Conococheague Formation
Elbrook Formation
RnmeFnrmation

Undifferentiated Ordovician-Cambrian
fault b'reccia

sented in Table 2. Summaries of chemical analyses on all 840
samples and summaries on reflectance values of selected
samples analyz.ed by the Virginia Division of Mineral Re-
sources laboralory, and summaries on chlorine content and
trace-element analyses of selected samples tested by the
Reno Research Center, are presented beginning with Table 3
and continuing though Table 6. Overview maps precede
summary tables, except for the chemical analyses summary
table, and provide locations for 68 carbonate-rock samples
tested for reflectance values (Figure 5), and 75 samples for
both chlorine content (Figure 6), and trace-elements. (Figure
7').

Twenty-six 1:50,000-scale topogaphic maps reduced
from l:24,000 scale quadrangles, including an explanation,
a key and arranged numerically @gures 8 ttrrough 58 - 176A
through 203D) show locations of the 840 samples collected
for analyses, the disribution of carbnate-rock formations,
major faults, the four active and 67 abandoned carbonate-
rock quarries, and 28 abandoned lime kilns at 25 abandoned
lime plants. Each map precedes corresponding tables (Table
7 through Table 66) that present ten-part chemical analyses

1001
CaCO3 CHEilICAL GRADE

LIilESTONE
100%
MgCO3

Figure 2. Carbonate-rock uses by composition (modified
from Henhey and lvlaher, 1985).

Figure 3. Carbonate-rock classification by composition
(modified from Hershey and Maher, 1985).

for all 840 samples and reflec0ance values, chlorine content,
and ftace-element analyses of selected samples.

Appendices I through V present62 chemical analyses of
northwestern Virginia carbonate rocks published from 1884
(analyses actually completed in 1835 and 1840) through
1958. Appendices VI through IX are gaphs showing the

CHEMICAL GRAOE
DOLOSTONE

/t/9
/:/--

?

,lr;/s/
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percenrage of calcite and insoluble materi al in2L4 cubonate-
rock samples from 42 Virginia quarries and mines (Sherwood
and Newlon, 1964). Appendix X is a reference list for all
appendices. Information in the appendices is as originally
presented by the authors and descriptions of the sample
locations may be affected by changes ofroad numbers, road
locations, or city limits.

Similardata to that contained in this work is recorded in
a previous report on northem Virginia carbonate rocks
(Giannini, 1991). Additional physical lestresults on carbon-
ate rocks from quarries, mines, and prospects in the area
sampled are contained in a Virginia Department of Transpor-
tation publication (Anderson and others, 1954).

SAMPLING

Chip samples to 3 inches across were caken from continu-
ous carbonate-rock exposure and channel samples approxi-
mately 3 inches wide and 3 inches deep were taken from marl
deposits. Each sample baoch represents one or more litholo-
gies in a single formation or a deposit. The thickness sampled
represents snatigraphic thickness. The distance between
sample locations along the strike of the sampled formations
averages approximately I mile but normally less than a mile
apart across strike since formations may be repeated due to
folding and faulting in this direction. Representative material
was obtained from each formation by taking one or more
samples at many different locations along and across strike
from each of the various lithologic units that makeup the
formation. The same formation was normally sampled on
both sides of a fold or fault to insure the best sampling
representation of that formation. Collecting the minimal
thickness of a carbonate-rock unit was often the only choice
since that was the only thickness exposed and available.
Neither chert layers nor shale partings were sampled within
a carbonate-rock horizon; however, the presence of either is
recorded in tables under the heading, Rock Type.

TESTING PROCEDURES

Each sample was crushed and ground to minus 100- or
minus 325-mesh size. Splits of these materials were used for
the chemical analyses and the various other tests. The
remaining groundportions of thecarbonate-rock material are
stored in the Virginia Division of Mineral Resources rock
repository at Charlonesville.

Test data presented in this report are considered to be
representative of the carbonate-rock formation or deposit
sampled, however, additional testing should be underaken to
assess the potential for commercial development of the
material at any particular locality.

CIIEMICAL ANALYSES

Knowledge of the chemisny ofcarbonate rocks is essen-
tial to determine the economic potential of these materials,

especially the high purity limestones (957o+ CaCO, )and
dolostones (40Vo+ MgCOr). The Virginia Division of Min-
eral Resources' laboratory staff performed a ten-part chemi-
cal analyses on each of the 840 carbonate-rock samples
collected. Samples were ground to 95 percent passing the
325-mesh size and composited; 2 grams of each were mixed
with 2 grams of chromatographic celluose andpressedunder
25 tons pressure to form 1.25-inch pellets. Pellets were
analyzed using a Diano XRD 700 wavelength dispersive X-
ray fluoresence unit. A flow-proportional counter, coarse
collimator, and pulse height discriminalor were used for all
analyses and corrections for background levels, dead time,
and drift were made. Results of chemical analyses on 840
samples, with a mean, high, and low summary, arepresented
in Table 3 and sample locations on quadrangles begin with
Table 7, quadrangle 1 76A and end with Table 66, quadrangle
203D.

REFLECTANCE VALI]ES

Reflectance is a comparative measurement to a standard
equalling a 100 percent reflectance value and is reported as
percent brightness, yellowness, and whiteness. The author
visually examined the 840 samples afterthey wereground to
200-mesh size material and compared each to one of the same
mesh size and known !o reflect 70 percent brightness. This
brightness value is generally the lower limit for carbonate
material accepted for use by industry. Samples with a
potential 70 percent or higher brightness were pulverized to
325-mesh size and about 15 grams were pressed into a clear
pyrex glass cup. The material was tested by Virginia Division
of Mineral Resources personnel using a model577 Photovolt
Corporation refl eclance meter with a "T" search unit contain-
ing amber, blue, and green filters, calibrated with a number
26-570-65 Photovolt standard. The procedure used was tle
tri stimulus dry brightness testing method. Only 68 samples
of ttre 840 collected tested 70 percent or higher brightness.
The results of reflectance tests are presented in a summary in
Table 4 and sample locations on quadrangles begin with
176A, Figure 9 and end with 191D, Figure 54.

CHLORINE ANALYSES

Knowledge of the chlorine content of a carbonate rock is
important if the material is to be utilized in the manufacture
of cement or as an aggregate in concrete. If the total content
of a raw cement mix exceeds 0.1 percent by weight or 1000
parts per million, operating problems involving buildups
within the preheater of the cement kiln may result and quality
of the finished concrete may also be affected. Also, chlorine
promotes corrosion of steel used as tension wires in pre-
stressed concrete and rods in reinforced concrete. The
chlorine forms calcium, potassium, or sodium chlorides
which may cause buildups in cementkilns or failure of metals
in concrete (Honkala, A. U., 1993, personal communication).
The Reno Research Center, U.S Bureau of Mines, Reno,
Nevada, analyzedT 5 carbonate-rock samples from this study
for chlorine content. These samples were selected along a



northwest-southeast fend across the general strike of rock
units representing each formation and deposit in the area.
Each sample was ground o 97 percent minus 100-mesh size
per a modification of chlorine analyses prescribed by Sran-
dard ofthe American Society for Testing and Materials C I I 4-
82a and chlorine determinations were made by the silver-
silver sulfide specific ion electrode dration meihod (Laver,
A. E., 1983, penonal communication). Resulrs of chlorine
analyses, with a mean, high, and low summary, arepresented
in Table 5 and sample locations on quadrangles begin with
176C, Figure 13 and end with 1918, Figure 51.

TRACEELEMENT ANALYSES

Semiquantitative tracc element analyses may indicate
the presence of deleterious components as well as the pres-
ence of mineral deposits. They may also indicate the
depositional envhonments of carbonate rocks. The Reno
Research Center conducted a 36-element semiquantitative
spectrographic analyses on the same 75 carbonate-rock
samples tested for chlorine content. The 13 elements not
detected in the 75 carbonate-rock samples include antimony,
arsenic, bismuth, cadmium, gallium, molybdenum, palla-
dium, platinum, selenium, silver, tantalum, tellurium, and
tungsten. Results of trace-element analyses are summariz-e.d
in Table 6 and the 75 sample locations are shown on quad-
rangles beginning with 176C, Figure I 3 and end with I 9 18,
Figure 51.

ECONOMIC POTENTIAL

Companies have extractd high-purity material from the
Middle Ordovician-age New Market Limes[one since about
1880. Reserves of this rock occur in the area covered by this
report @dmundson, 1958). Ivlarkets for crushed high-purity
or high-calcium material involves uses as a flux stone in the
manufacture of glass and steel,as agricultural limestone and
a filler-supplement in fernlizq and animal feed, as a coal
minedust suppressor, and as acidcontrol stone. A significant
and growing rnarket for high-purity limestone is for control
of sulfur and nitrogen emissions from stacks of coal-fired
boilers. Scrubbers thatuse limestone and calcined lime are
being retrofitted on existing coal-fired electric power plants.
In addition, cogeneration plants (non-utility operations pro-
ducing exress electicity or steam and elecnicity and selling
ebctricity to major utilities) and possibly independent power
producers utilizing scrubbers or other types of flue gas
desulfurization (FGD) devices, such as atmospheric fluidized
bed combustors (AFBC), are scheduled to be constructed in
Virginia during the remainder of the "environmental decade"
(199&2000). Growth is also occurring in markets involving
uses related to high reflectance characteristics ofhigh-purity
carbonate-rock products. A market which may experience
growth is in the manufacture of paper using calcium carbon-
ate precipitated from limestone. ldarkets for crushed lime-
stone also include non-chemical uses in the construction
industry, as &n aggregatestone in mortar and concrete, andas

VIRGINIA DIVISION OF MINERAL RESOT'RCES

an asphalt-fi ller material.
Demand for calcined lime, both quick and hydrated,

produced from high-purity limestone continues to increase
(Sweet, 1992). Leading uses are in water and sewage
treatsnentplants, in asphalt, theremoval of sulfurfrom stack
gases, paper and pulp mills, and in construction. Calcined
lime is notbeing produced in the area studied for this report.

High-purity upper Silwian- and lower Devonian-age
limes0one with potential uses previously mentioned occur in
the area covered by this research. Formations containing
carbonate-rock unitsbestsuited for theseuses are theLicking
Creek, New Creek, and Keyser located in southwestern
Augusla and nortiern Rockbridge Counties (also see
Edmundson, 1958).

Deposits of Quaternary-age travertine-marl, some of
high-purity, exist in the sampled area of Augusta and Bath
Counties (Herman and Hubbard,l990;Hubbard and others,
1985), however, these deposits are relatively small.

Dolostone with potential use as magnesian agriculture
malerial for soil enhancement exits abundantly in Augusta
and Rockbridge Counties. The formations containing car-
bonate-rock units best suited for this use are the Beekmantown
and the Rockdale Run. Portions of these formations have
potential based on reflectance values as a filler-extender
material in paint, paper, plastic, and rubber.

Extensive reserves of limestone and dolosgone exist in
theportion of the Valley andRidgeprovince eoveredby this
report that are suitable for potential uses other than those
requiring high-purity carbonate-rock material. Carbonate
rocks of Cambrian-, Ordovician-, Silurian-, and Devonian-
age are present in large quantities and are potential sources of
aggregate stone and agricultural material for soil enhance-
menl Reserves of high-purity carbonate-rocks also occur in
portions of the Valley and Ridge province.

The implementation of the Intermodal Surface Trans-
portation Act of 1991 should also provide additional in-
creases in lime, limeslone, and dolosone sales. The act
includes $121 billion for highway and 31.5 billion for ransit
construction alloted over a 6year period which should
provide aboost to ttrc soil stabilization andasphaltantistripping
markets as well as to the steel (Miller, 193) and construction
aggregate markets.

TheEnvironmen0al Protection Agency @PA) has issued
rules that all water systems serving more than 50,000 people
must hgin applying corrosion-control measures including
theapplicationof calcined lime tro these systemslo control the
release of lead from the supply pipes. Consumption of lime
for water purification purposes, already a major rnarket,
could receive a boost as a result of tfte new lead-corrosion
rules @4iller,l993).
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60.
56 '50

ROCKBRIDGE

Figure4. Mapshowingthecarbonate-rockbelts(stippled)sampledinnorthwesternVirginiaandthelocationofthe4operations
currently producing carbonate-rock products (see Table 2 - map modified after Le Van and llarris, 1971). 1. Miracle Ridge
Limestone (Hupman Brothers Excavation, Inc.), Mustoe; 2. Luck Stone Corp., Staunton; 3. Belmont Quarry Co., Scaunton;
4. Staunton Lime Co., Staunton.
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/ RocKBRTDGE

Figure 5. Map showing locations for 68 carbonate-rock samples tested for reflectance values (see Table 4). Number and letter
on each 7.5-minute quadrangle corresponds to those on quadrangles (1 inch = 50,000 inches) beginning with 176A, Figure 9,
and continuing through Figure 57. Carbonate-rock bels are shown as stippled areas.
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12 VIRGINIA DIVISION OF MINERAL RESOURCES

Table 4. Summary of reflectance tests on 68 carbonate-rock samples with brightnesses of 70 percent or higher, northwestem Virginia are4

(see quadransles beeinnine with 176,4.. Fieure 9 for sample locations. Elkins-Staunton 0.5 x I sheets).

Map and

Sample

Number
MapName
(7.s'Quad) County

Thickness

Sampled

(ft.)
Percent Percent

*Brightness *Yellowness
Percent Percent Percent

*whiteness **caco **Meco
3 - 3

Undifferentiated Lower Devonian Limestone

l90c-14
l9tD-ll
19lD-14

McDowell Highland

Monterey SE Highland

Monterey SE Highland

5

J

3

86. l
84.6

86.8

85.8

86. I
83.4

81.4

85.4

83.2

84.3

81.8

78.2

83.0

85.3

86.3

81.9

84.4

84.6

83.9

81.7

79.8

85.0

85.8

86.8

86.4

84.6

82.5

85.9

84.3

85.8

83,2

84.1

84.4

84.6

84.7

85.4

80. l
80.9

83.5

85.0

83.3

84.3

86.0

85.9

82.5

86.6

.10

.10

.09

.10

.ll

.10

.09

.16

.10

.15

.tt

.26

.14

.07

.08

.09

.10

.lJ

.09

.10

.ll

.09

.09

.12

.18

.ll

.08

.ll

.10

.06

.13

.09

.09

.09

.07

.06

.08

.06

.12

.10

.11

.14

.12

.13

.09

.10

.10

86.4

84.6

87. l

86.0

86.4

83.7

81.8

8s.7

83.5

84.6

82.2

78.'t

83.3

85.6

86.6

82.2

84.7

84.9

84.2

82.1

80.3

85.3

86.1

87. l
86.7

84.9

82.9

86.2

84.'7

86. I
83.5

84.4

84.7

84.9

85.0

85.7

80.6

81.3

83.8

85.3

83.7

84.6

86.3

86.2

82.9

86.9

84.4

98.41

93.90

97.r7

96.49

98.77

95.78

90.32

98.66

88.41

89.72

88.88

83.42

91.75

98.04

95.01

90.03

94.88

96.30

94.98

97.06

84.13

95.06

95.10

99.27

98.32

96.80

92.8s

97.10

95.00

96.45

95.30

98.08

96.61

93.1 5

97.68

97.92

94.r0
89.57

98.56

97.90

96.22

98.55

96.64

95.1I
93.86

95.49

95.75

.31

r.99
1.99

t.43

.00

1.13

.58

.00

1.72

.26

r.70
1.29

.84

t.t7
4.01

2.12

3.93

2.71

2.46

1.40

.97

.90

3.43

.07

.52

1.69

1.93

r.82

r.94

.69

2.67

.00

t.t2

5.21

1.55

|.23
3.42
'7.34

.39

.41

.26

.15

.'73

t.)z
1.58

1.46

1.93

Devonian Lickins Creek Limestone

l90c-l
l9lc-9
l90B-t I

McDowell
Mustoe

Doe Hill

Highland
Highland
Highland
Highland

Highland
Highland
Highland
Highland

Mean:

Mean:

Mean:

Mean:

l90B-19 Doe Hill
190842 Doe Hill
l90C-29 McDowell

l91A-10 Monterey

19lC-18 Mustoe

Devonian New Creek Limestone

J

7

l8
t2
4

3

4

t2

I77B-r
t77B-18
t77C-6
t77C-9
t77C-12
t77C-20
t77CA3
r78C-12
1794-8
t79C-2
l90c-12
l90c-30
t9lA42
l91B-8
191B-16

Deerfield
Deerfield
Craigsville
Craigsville
Craigsville

Craigsville
Craigsville
Bath Alum
Sunrise

Mountain Grove

McDowell
McDowell
Monterey
Hightown
Hightown

Augusta

Augusta

Rockbridge

Rockbridge

Rockbridge

Augusta

Rockbridge

Bath

Bath

Bath

Highland
Highland
Highland
Highland
Highland

4

4

z
z

I
4

5

4

l5
6

J

5

6

l0

Undifferentiated Devonian - Silurian Limestone

1769-14 Churchville Augusta 6

5

4
t77D-42
t77D-44

Silurian Kevser Limestone

AugustaSprings Augusta

AugustaSprings Augusta

t778.-20
t77C-19

t77C-24
r77C-32
l77C-34
178843
l78C-16
l90c-3
190c-23
190C-28

191A-14

l9lB-17
t9rc-z

Deerfield
Craigsville

Craigsville
Craigsville
Craigsville
Bumsville
Bath Alum
McDowell
McDowell
McDowell
Monterey
Hightown
Mustoe

Augusta

Augusta

Rockbridge

Augusta

Augusta

Bath

Bath

Highland
Highland
Highland
Highland
Highland
Highland

I
z
J

4

z
I
5

5

J

J

27

34

Mean: 84.1
*Reflectance tests and ** chemical analyses by Virginia Division of Mineral Resources
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Table 4. (continued).

Map and

Sample Map Name

Number (7.5'Quad)

Thickness

Sampled

(ft.)
Percent Percent Percent

*Brightness *Yellowness *Whiteness
Percent Percent

**caco, **MBco,

Silurian Tonoloway Dolostone

t79D-28 Warm Springs

Undifferentiated Upper Ordovician Limestone

Mean:

Mean:

Mean:

Mean:

Mean:

80.4

80,4

84. I
80. r

85.4

83.2

74.6

83.3

81.2

79.7

'16.'7

t6. t

83.8

86.1

82.9

77.7

82.4

80.4

77.4

79.2

8l .3

81.2

81.5

8l.5

78.2

81.3

83.8

81.1

83.8

83.8

80.9

77.0

77.8

78.6

.09

.10

.09

.t2

.10

.09

.08

.10

.09

.09

.09

.07

.06

.05

.03

.07

.06

.06

.06

.06

.06

.08

.08

.08

.07

.10

.08

.10

.10

.08

.09

.11

.12

.10

80.8

80.8

84.4

80.6

85.7

83.6

/ l.)

83.7

8l .6

80.3

77.4

77.4

84. I
86.4

83.2

78.4

82.8

80.8

78.0
'19.7

8t.7

8l.7

81.9

81.9

78.8

81.7

84. I

81.5

84.1

84. I

81.3

77.7
'18.4

79.1

79.13

49.50

49.50

96.61

96.16

97.11

96.63

92.73

98.59

98.28

96.53

77.44

77.44

94.88

96.30

9s.21

94.r4
99.r4
98.65

97.69

98.25

94.66

96.55

95.24

95.24

5l .33

52.3r

50.84

51.49

51.32

51.32

54.82

49.12

51.63

49.45

51.26

35.'.12

35.72

l.65
1.32

.81

1,26

3.98

.36

-1J

1.59

16.68

16.68

4.18

3.04

2.93

3.29

.00

.00

.59

.00

t.'15

1.75

r.93

1.93

39.41

42.86

4t.40

41.22

43.23

43.23

43.52

41.07

43.49

41.66

42.44

09

I78B-29 Bumsville

19rc-r2
Monterey
Mustoe

Highland
Highland
Highland

2l

9

Undifferentiated Middle Ordovician Limestone

l788-18
r78B-26
19tc-29

t76D-9
t76D-52

l89D-20
l89D-26

Bumsville
Bumsville
Mustoe

Staunton

Stuarts Draft

Stuarts Draft
Pamassus

Parnassus

Parnassus

Pamassus

Pamassus

Highland

Highland
Highland

Augusta

Augusta

Augusta

Augusta

Augusta

Augusta

Augusta

Augusta

Augusta

2l
zl
t2

Undifferentiated Middle Ordovician Magnesian Limestone

lglc-Ig Mustoe Highland 42

Ordovician New Market Limestone

176A-60 Staunton 2

J

2

I
J

52

30

30

I

Ordovician Beekmantown Limestone

t'79D-7 Warm Spdngs

Ordovician Beekmantown Dolostone

l78B-15
l89C-2
19rB-2

Burnsville
Stokesville
Hightown

Highland
Augusta

Highland

4

44

n

Ordovician Rockdale Run Dolostone

Pamassus

Cambrian Conococheague Dolostone

189A-t I
189D-37

l89D-39
189D-41

Briery Branch Rockingham

Pamassus Augusta

Pamassus Augusta

Pamassus Augusta

3

3

5

I

Mean: 78.58
*Reflectance tests and ** chemical analyses by Virginia Division of Mineral Resources.
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Figure 6. Overview map showing locations for 75 carbonate-rock samples analyz,ed for chlorine content (Table 5). Number
and letter on each 7.5-minute quadrangle corresponds to those on quadrangles beginning with 176A, Figure 9, and continuing
through Figure 57. Carbonate-rock belts are shown as stippled areas.
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Table5. SummaryofchlorineanalysesforT5carbonate+ocksamples,northwestemVirginiaarea(seequadranglesbeginningwithlT6C,

Fieure 13 and 14, for sample locations. Elkins-Staunton 0.5 x I sheets).

l5

Map and

Sample

Number

Map Name

(7.s'Quad) County

Thickness

Sampled

(ft) Percent (ppm)
Percent

**CaCO
3

Percent
**MgCO

J

*Chlorine Content

Quatemary Travertine-Marl Deposit

l76D-56 Stuarts Draft

Devonian Licking Creek Limestone

Augusta 0.0025

0.0025

0.0340

0.01l6
0.0100

0.0171

0.0182

0.0330

0.0250

0.0380

0.0210

0.0293

0.0290
0.0189

0.0690

0.0390

0.0330

0.0036

0.0290

0.0260

0.0229

0.0156

0.0156

0.0199

0.0199

0.0030

0.0027

0.0200

0.0260

0.0t29

0.0100

0.0026

0.0063

0.0179

0.0179

( 2s)

( 2s)

(340)

(l l6)
(100)

(l7l)

(182)

(330)

(250)

(380)

(210)

(2e3)

Qe0)
(l 8e)

(6e0)

(3e0)

(330)

( 36)

(2e0)
(260)

(22e)

(ls6)

(156)

(lee)

(1ee)

( 30)

( 27)
(200)
(260)

(r2e)

(100)

( 26)

( 63)

(r7e)

(t7e)

92.75

92.75

98.77

70.63

86.31

96.26

87.99

99.12

96.80

97.10

98.04

97.77

74.88

80.22

98.08

84.39

96.22

85.06

88.95

93.86

91.02

7r.92

'71.92

96.42

96.42

82.58

93.99

94.34

82.29

88.30

36.09

6r.82

48.96

68.45

68.45

2.62

2.62

0.00

1.85

1.52

l.l8

1.t4

0.00

|.69
1.82

t.l7

t.t7

19.40

9.88

0.00

9.76

0.26

3.39

1.77

1.58

r.75

13.04

13.04

l90c-l McDowell
l9lA-39 Monterey
l9lB-15 Hightown
l77B-15 Deerfield

Devonian New Creek Limestone

Highland
Highland
Highland
Augusta

Mean:

Mean:

Mean:

Mean:

Mean:

Mean:

Mean:

5

t2
l0

t90ca McDowell
I9lA-42 Monterey
191B-16 Hightown
l'l'lB-l Deerfield

Undifferentiated Devonian-Silurian Limestone

Highland

Highland
Highland
Augusta

3

5

10

4

1914-61 Monterey
t77D-41 Augusta Springs

l7'1D-44 Augusta Springs

Devonian-Silurian Kevser Limestone

Highland
Augusta

Augusta

l5
4
A

l90c-3
l77B-17
l9lA-15
l91B-17

McDowell
Deerfield

Monterey
Hightown

Highland
Augusta

Highland
Highland

5

J

JA

27

Silurian Kevser Magnesian Limestone

l77B-B Deerfield

Undifferentiated Upper Silurian Limestone

Augusta

l9lB-20 Hightown

Silurian Tonoloway Limestone

Highland r.67

t.67

1778-5
190C-10

l9lA-35
l9lB-18

Deerfield
McDowell
Monterey
Hightown

Augusta

Highland
Highland
Highland

3

5

33

2l

2.25

0.9r
1.58

2.53

1.82

20.40

t7.48

18.94

6.22

6.22

Silurian Tonoloway Magnesian Limestone

l90C-5 McDowell
l9lA-27 Monterey

Silurian Wills Creek Limestone

Highland
Highland

t9tA-32 Monterey Highland

* Chlorine analyses by U.S. Bureau of Mines, Reno Research Center, Reno, Nevada.
** Chemical analyses by Virginia Division of Mineral Resources.
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Map and

Sample

Number

Map Name

(7.5'Quad)

Thickness

Sampled

(ft.)

*Chlorine Content
**CaCO **MsCO

J

Silurian McKenzie Limestone

Monterey

Undifferentiated Upper Ordovician Limestone

Highland 0.0017

0.0017

0.0040

0.0040

0.0009

0.0009

0.0i20
0.0019

0.0032

0.0043

0.0054

0.0048

0.0048

0.0034

0.0032
0.0025

0.0031

0.0031

0.0035

0.003s

0.0039

0.0028

0.0035

0.0034

0.0052

0.0052

0.0097

0.0097

0.0079

0.0196

0.0r38

0.0121

0.0121

96.45

96.45

86.86

86.86

67.50

67.50

77.35

59.05

89.17

68.29

73.47

9',7.24

97.24

94.89

98.1 1

82.97

81.70

89.42

97.14

97.14

9',1 .54

98.0s

92.37

95.99

94.82

94.82

74.98

74.98

53.08

48.44

s0.76

90.70

90.70

1.60

1.60

l9lA-45 Monterey

Ordovician Martinsburg Limestone

Highland

Mean:

Mean:

Mean:

Mean:

Mean:

Mean:

Mean:

Mean

Mean:

( 40)

( 40)

(e)
(e)

(120)

( le)
( 32)
( 43)

( 54)

( 48)

( 48)

( 34)

( 32)
( 2s)
( 3l)

( 3l)

( 35)

( 35)

( 3e)
( 28)

( 35)

( 34)

( 52)

( s2)

( e7)

( e7)

( 7e)
(le6)

(r38)

(l2l)

(t2r)

2.07

2.07

4.06

4.06

7.58

6.41

0.00

2.80

4.20

1.77

1.77

l.0l
0.00

3.49

0.00

1.13

1.93

r.93

l.8l
0.00

5.05

2.29

1.7 |

l.'11

16.38

16.38

44.7 |
39.79

42.25

3.96

3.96

l76D-36 Stuarts Draft

Ordovician Edinburg Limestone

Augusta

t76C-r0
176D-t I
l77D-22
l76D-35

Greenville
Stuarts Draft
Augusta Springs

Stuarts Draft

Augusta

Augusta

Augusta

Augusta

l0
z

l0
I

Undifferentiated Middle Ordovician Limestone

l9lA-51 Monterey

Ordovician Lincolnshire Limeitone

Highland 36

l76C-51
l76D-64
176D-10

t77D-28

Greenville
Stuarts Draft

Stuarts Draft
Augusta Springs

Augusta

Augusta

Augusta

Augusta

L

4

8

8

Ordovician Lincolnshire Limestone, Murat Member

l76D-62 Stuarts Draft

Ordovician New Market Limestone

Augusta

t76D-39
l76D-65
t77D-3

Stuarts Draft
Stuarts Draft
Augusta Springs

Augusta

Augusta

Augusta

7

30

4

Ordovician Beekmantown Limestone

l9lA-50 Monterev

Ordovician Beekmantown Masnesian Limestone

Highland 10

19lA-1 Monterey

Ordovician Beekmantown Dolostone

Highland

l77D-32 Augusta Springs

l9lA-19 Monterey

Ordovician Rockdale Run Limestone

Augusta

Highland

r76C-29 Greenville Augusta 10

* Chlorine analyses by U.S. Bureau of Mines, Reno Research Center, Reno, Nevada.
** Chemical analyses by Virginia Division of Mineral Resources.
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Table 5. (continued)

Map and

Sample

Number

Map Name

(7.5'Quad) County

Thickness

Sampled

(ft.) (ppm)

Percent
**CaCO

Percent
**MgCO

*Chlorine Content

Ordovician Rockdale Run Magnesian Limestone

r'16D41 Stuarts Draft

Ordovician Rockdale Run Dolostone

Augusta 0.0189

0.0189

0.0080

0.0250

0.0027

0.0380

0.0300

0.0185

0.0204

0.0048

0.0061

0.0028

0.0031

0.0042

0.0093

0.0049

0.00s3

0.0085

0.0070

0.0187

0.0187

0.0390

0.0097

0.0380

0.0289

0.0131

0.0131

0.0060

0.0250

0.0155

0.0360

0.0188

0.0185

0.0024

0.0189

0.0390

0.0390

0.0083

0.0089

(l 8e)

(r8e)

( 80)

(250)

( 27)
(380)

(300)

(l 8s)

(204)

( 48)

( 61)

( 28)

( 3l)

( 42)

( 70)

(l 87)

(187)

(3e0)

( e7)
(380)

(28e)

(13 1)

(13 l)

86.87

86.87

52.09

49.13

61.49

53.70

55.s2

53.36

54.22

86.95

93.72

94.57

90.71

9t.49

84.18

87.77

88.48

9l.51

87.99

59.43

59.43

5 1.95

42.93

s3.25

49.38

90.38

90.38

67.11

84.65

75.88

52,12

51.38

54.89

50.84

52.3r

/ ).))

75.55

51.93

50.39

I l.l6

I l.l6

39.51

37.87

35.08

41.58

4t.56
39.'10

39.22

9.72

4.50

2.62

4.48

5.33

7.50

s.52

5.90

4.79

5.93

29.28

29.28

43.76

36.r6
42.25

40.72

t76C-24
t76C-50
t76D-8
l76D-15
t76D-46
t76C-26

Greeenville

Greenville
Stuarts Draft

Stuarts Draft

Stuarts Draft
Greenville

Augusta

Augusta

Augusta

Augusta

Augusta
Augusta

4

2

J

6

l8
l0

Ordovician Stonehense Limestone

t76C-t9
r76C-28
t76D-32
l76D-58

Greenville
Greenville
Stuarts Draft

Stuarts Draft

Augusta

Augusta

Augusta

Augusta

I

L

2

4

Cambrian Conococheague Limestone

r76C-7

l75C-30
176D-20

t76D-7

Greenville
Greenville
Stuarts Draft
Stuarts Draft

Augusta

Augusta

Augusta

Augusta

Mean:

Mean:

Mean:

Mean:

Mean:

Mean:

5

5

6

6

( e3)

( 4e)

( 53)
( 85)

Cambrian Conococheague Magnesian Limestone

l76D-54 Stuarts Draft

Cambrian Conococheague Dolostone

Augusta

t76C-t6
t76C-20
t76D-57

Greenville
Greenville
Stuarts Draft

Augusta

Augusta

Augusta

5
A

4

Cambrian Elbrook Limestone

l77D-19 Augusta Springs

Cambrian Elbrook Masnesian Limestone

Augusta 2.05

2,05

L2

( 60)
(250)

l'16C-9 Greenville
l77D-10 Augusta Springs

Cambrian Elbrook Dolostone

Augusta

Augusta

Augusta

Augusta

(1s5)

(360)

(l 88)

(l 85)

( 24)

(l8e)

(3e0)

(3e0)

( 83)

( 8e)

22.9r
12,29

t7.60

43.20

43,28

39.63

42.82

42.23

21.64

21.64

43.74

38.65

l76C-17 Greenville

l75D-2 Stuarts Draft

l76D-23 Stuarts Draft

177D-l r Augusta Springs

Augusta 5

Augusta 2

Augusta 4

Augusta 6

Cambrian Rome Magnesian Limestone

l77D-13 Augusta Springs

Cambrian Rome Dolostone

Augusta

t76C-39
r7'tD-29

Greenville
Augusta Springs

r Chlorine analyses by U.S. Bureau of Mines, Reno Research Center, Reno, Nevada.

** Chemical analyses by Virginia Division of Mineral Resources.
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Figure 7. Overview map indicating locations for 75 carbonate-rock samples used for semiquantitative frace-element analyses
(Table6). NumberandletteroneachT.s-minutequadranglecorrespondstothoseonquadranglesbeginningwithlT6,{,Figure
9, and continuing through Figure 57. Carbonate-rock belts are shown as stippled areas.
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38.5.

KEY

Geologic
Per i od

Letter Group, Formation,
Symbol or Deposit Name

Symbols and Description

Quate rnary
Devon i an

Qa
Dm

DI

DS

Dlc
Dne

S i lur i an 

-DSkSu

stl
Swc
Smk

ordovician lu-

Omb
Oe
Om

ot
On
ob
Orr
Ost

cambrian 
-oe€co

Ce
Cr

Travert ine-mar I depos i t
Mi I lboro Shate ( I imestone uni t)
Undif f erent iated Iorer

Devonian carbonate rocks
Undi f f erent iated Devoni an-

Silurian carbonate rocks
Licking Creek Lirnestone
New Creek Limestone
Keyser Limestone
Undifferentiated upper Si lurian

carbonate rocks
Tonoloway Limestone
tfi I ls Creek Forrnation
MeKenzie Formation
Undif ferent iated upper Ordo-

vician earbonate rocks
Mart insburg Format ion
Edinburg Formation
Undi f ferentiated middle Ordo-

vician carbonat,e rocks
Lincolnshire Limestone
New Market Limestone
Beekmant own Format i on/GrouP
Rockdale Run Dolomite
Stonehenge Limestone
Undi f f erent i ated Ordov ic ian-

Canbrian fault breccia
Conoeocheague FormaL i on
Elbrook Format ion
Rome Formation

* Carbonate forn-
ation contaeLs

- Faul ts: exposed
or approx inrate
(solid), covered
or inferred (dashed);
arrows indicate
direction of rela-
t ive movement;
U, up-thrown side;
T, upper sheet

* Act ive quarries:
do, dolostone;
Is. Iimestone

I
I
I
I
,

III

,,\ 
^"F

X
lc

-o

A

^,^ 
- Abandoned quarr ies:

A r^ do, dolostone:
ls, limest,one

- Carbonate*rock sample
Iocation: 1O, sanrple

10 number ; 176A-10,
complete sample
number, Staunton
quadrang I e

- Abandoned lime kiln
/^\ site: (?); number of
\z) kilns at site

Figure 8. Diagram showing 26 quadrangles zrrranged numaically from number 176A (Staunton) m203D (Snowy Mounhin).
Hachured zones were not sampled since ctrbonate rocks are not known to occur in the area. This location map is to be used

in locating areas described in Figure 9 through 57 which show sample locations, quarries, mines, and lime kilns on ponions of
these maps at a 1:50,000 scale. The explanation and key afe to be used in interpreting the geology of Figures 9 through 57.
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PER;ENT oF cALctrE

APPENDX IV - Percentage of calcite in 224 carbonate
samples from 42 active quarries and mines in Virginia
(Sherwood and Newlon, 1964).
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PERCENTAGE OF ABSORPTION

APPENDX VI - Percentage of samples plotted versus per-
centage ofabsorption for224 carbonate-rock samples from
42 actle quarries and mines in Virginia
(re&).
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PERCENT OF INSOLUBLE RESIDUE

APPENDX V - Number of samples plotted versus percent-
age of absorption for 224 carbonate-rock samples from 42
active quarries and mines in Virginia
[e64).

CALCITE o PEFICENT INSOLUBLE BESIDUE DOLOMITE

APPENDX VII - Ternary plot of insoluble material in 224
carbonate-rock samples from 42 active quarries and mines in
Virginia Q96/.).
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APPENDIX VIII

References for Appendices I through III

l. Bassler,R.S.,lg05,CementmaterialsoftheValleyofVirginia: Confibutionstoeconomicgeology,l9M: U.S.Geological

Survey Bulletin 260, p. 53 1 -545.

2. Catlett, Charles, 1904, Cement resources of the Valley of Virginia: Conributions to economic geology, 1903: U-S.

Geological Survey Bulletin 225, p. 457 -462.

3. Clarke, F. W., 1904, Analyses of rocks: U.S. Geological Survey Bulletin 228,375 p.

4. Edmundson, R. S., lg45,Industial limestones anddolomites in Virginia: Northern andcentralparts of ShenandoahValley:

Virginia Geological Survey Bulletin 65, 195 p.

5. Edmundson, R. S., 1958, Industrial limestones and dolomites in Virginia: James River Disnict west of the Blue Ridge:

Virginia Geological Survey Bulletin 73,137 p.

6. Rogers, W. B. 1884, A reprint of annual reports and other papers on the geology of the Virginias, New York, D. Appleon

and Company, 832 p.

?. Watson, T .L'lg07,Mineral resources of Virginia: The Jamestown Exposition, Lynchburg, Virginia, J. P' Bell Company,

618 p.

Reference for Appendices IV through VII

Sherwood, W. C., and Newlon, Howard, Jr.,l9&,statewide slwey for reactive carbonate aggregates, Virginia: Council of

Highway Investigation and Research, 18 p.


